Objective: This study examines the association of hormone use and lung cancer among women.
L ung cancer is the second most common cancer in women and the leading cause of cancer deaths. 1 Other than tobacco smoking, few risk factors are known for lung cancer among women. Although 84% of male lung cancer cases worldwide can be attributed to smoking, it is estimated that only 46% of cases in women can be attributed to the same exposure. 2 Thus, identifying additional lung cancer causes for women is warranted.
Women use supplemental hormones to prevent pregnancy or replace the natural hormones that decline during menopause. Approximately 24% of women older than 40 years are current hormone users in the United States. 3 Although hormone use has decreased in recent decades, many European and American physicians remain confident that the benefits of hormone therapy outweigh the risks in suitable patients. 4 It has been suggested that female sex hormones can regulate tumor development by stimulating or inhibiting cell proliferation. 5 Previous studies examined the association of these hormones with specific cancers, including breast cancer, [6] [7] [8] [9] colorectal cancer, 8, 10 and endometrial cancer. 8, 11, 12 However, existing studies of hormone use and lung cancer 8,13-23 report inconsistent results. Two studies reported an increased risk of lung cancer in those taking hormones, 13, 21 whereas another three studies reported a decreased risk. 17, 20, 23 Cigarette smoking is the major known risk factor of lung cancer. 24 Therefore, detailed smoking information is needed for lung cancer studies. Lung cancer latency is estimated to be 18 to 30 years from the time of exposure, [25] [26] [27] underscoring the need for a follow-up period of appropriate length. The purpose of this study is to examine the potential effects of supplemental female hormones on incident lung cancer in a population-based sample of women followed for 31 years, while controlling for smoking and other confounders.
METHODS

Study population
Between 1972 and 1974, 82% (n = 6,339) of adult residents of Rancho Bernardo, a middle-class community in Southern California, enrolled in a heart disease risk factor study, the Lipid Research Clinics Prevalence Study. Participants received annual surveys to ascertain vital status (99% obtained). The 2,861 women aged 31 to 79 years at enrollment for whom follow-up information on incident lung cancer was available formed the basis of this report. 
Follow-up
Contact with participants included subsequent clinic visits, generally occurring approximately every 4 years, and annual mailers to determine vital status (999% ascertainment rate) through the end of 2002. An individual was considered to have incident lung cancer if it was self-reported (n = 9) at any of the research clinic visits or annual mailers or if lung cancer appeared anywhere on the death certificate (n = 78). Death certificates were obtained and coded for cause of death by a certified nosologist according to the International Classification of Diseases, Ninth Revision, Clinical Modification. All lung cancer deaths that occurred after 1988 (when the California Cancer Registry began collecting data) were confirmed by the California Cancer Registry. All women with lung cancer who had a history of breast cancer (94% validation from cancer registry) were excluded from analysis, providing reasonable evidence against any lung cancer cases being secondary metastasis to a primary breast cancer.
Statistical analysis
For continuous variables, mean values were compared using t tests. For categorical variables, frequencies were compared using a W 2 test. Cox proportional hazards models were used to calculate crude and adjusted hazard ratios (HRs) of hormone use with incident lung cancer, after adjustment for confounders. These confounders were used in previous studies and included age, BMI, education, and smoking. Age and BMI were continuous variables; education level was categorized as high school graduate or less, some college, and college graduate or more. Smoking status was collapsed into five categories from the original eight levels (never, former, 1-10 cigarettes/d, 11-20 cigarettes/d, and 21 or more cigarettes/d). Current marital status was categorized as currently married and not currently married (which included never married, divorced, and widowed).
As a proxy for menopause status (unavailable from enrollment data), women were stratified by age (G55 and Q55 y), and the survival analysis was repeated separately for each age group. Although this information was not collected directly, it is assumed that premenopausal women were taking hormones for birth control and postmenopausal women were doing so for hormone therapy.
Survival was measured in days from the date of the participant's initial visit until the date of lung cancer outcome (date of death if participant died; date of diagnosis otherwise), death from other causes, or the end of the follow-up period, whichever occurred first. The follow-up period for survival analysis concluded at the end of the 2002 calendar year. All analyses were two-tailed, with P e 0.05 considered significant. Statistical analyses were performed using the SAS statistical package.
RESULTS
The 2,861 participants were aged 31 to 79 years at baseline, with 35.8% reporting current use of hormones at enrollment. As shown in Table 1 , hormone users were similar in age to nonusers (mean T SD, 58.5 T 10.8 y vs 58.9 T 14.4 y; P = 0.37) but had a significantly lower BMI (23.1 T 2.9 kg/m 2 vs 24.0 T 3.8 kg/m 2 ; P G 0.0001), had more education (P = 0.03), and were more likely to be married (P = 0.003) than those not taking hormones. Hormone users were also more likely to be a current or former smoker than those who were not taking hormones (56.3% vs 48.5%; P = 0.001). During the 31-year follow-up (average of 22.4 y), there were 87 incident cases of lung cancer. Women who developed lung cancer were significantly older than those without lung cancer (mean T SD, 62.7 T 10.3 y vs 58.7 T 13.3 y, respectively; P = 0.0055) but did not differ with regard to baseline BMI, education, or marital status. Table 2 shows the univariate and adjusted Cox proportional hazards for lung cancer incidence. Hormone use was positively but not significantly related to lung cancer in the multivariate survival analysis (HR, 1.13; 95% CI, 0.73-1.73). Each 1-year increase in age raised the risk of lung cancer by 1.08 (95% CI, 1.06-1.11) after controlling for the other variables in the model. The risk of lung cancer increased with each escalating category of smoking status in comparison to the reference group of Bnever smoked[ (P trend for smoking G0.0001). There were 17 lung cancer cases among those women who had never smoked, and the odds of lung cancer for hormone users among Bnever smokers[ was 0.75 (95% CI, 0.23-2.38). BMI, education, and marital status were not significantly associated with lung cancer risk in the adjusted model. Figure 1 shows adjusted HRs for incident lung cancer after stratification by age as a proxy for menopause status (G55 and Q55 y). Compared with the overall survival analysis in Table 2 , there was a divergence of risk between the two age groups. In younger women, hormone users had a reduced lung cancer risk compared with nonusers (HR, 0.44; 95% CI, 0.16-1.23). In contrast, older women who were taking hormones at baseline had an increased lung cancer risk compared with nonusers (HR, 1.58; 95% CI, 0.95-2.53). Although the association was in opposite directions, the CI contained the null value in both groups. The P value for interaction by 
DISCUSSION
The present study found no overall association between the use of female hormones and lung cancer. However, the data do suggest that diverging trends may exist whereby premenopausal women taking hormones may have a reduced risk of lung cancer, whereas older postmenopausal women taking hormones may be at increased risk of lung cancer. Although it did not reach statistical significance, both of these associations were independent of the stepwise increase in lung cancer associated with smoking. It is not possible to determine if this divergence is due to age, menopause status, different hormone doses by menopause status, or chance.
The overall null results are similar to those from a much larger but shorter prospective study of estrogen use in Swedish women 13 (23,244 women with 6.4 y of follow-up; odds ratio [OR], 1.3; 95% CI, 0.9-1.7). Although the authors report an increased risk of lung cancer, the CI in that study was similar to that in our study and included the null value. The large Women's Health Initiative randomized controlled clinical trial of postmenopausal hormone therapy also found no association between postmenopausal hormone therapy and lung cancer (hazard ratio, 1.04; 95% CI, 0.71-1.53), but this trial only had an average of 5.2 years of follow-up per person. 8 One case-control study found that women with lung cancer were more likely than controls to be hormone users 21 (OR, 1.7; 95% CI, 1.0-2.8). Several other retrospective or prospective studies with 8 to 16.4 (average) years of follow-up found no hormone-lung cancer association. 14<16,18,19,22 A recent prospective study of the association between hormone therapy and lung cancer from the Cancer Prevention Study II Nutrition Cohort 23 (72,772 women; 659 lung cancer cases) used an analysis that stratified the entire population by hormone therapy use and smoking status and found a decreased lung cancer risk associated with hormone therapy for postmenopausal women. That study had 12 years of follow-up for lung cancer incidence compared with 31 years in our study. Protection against lung cancer for ever-use of female hormones was also suggested by a case control study in the United States 20 with 499 lung cancer cases and 519 controls (OR, 0.66; 95% CI, 0.51-0.89) and a German study with 811 lung cancer cases and 912 controls (OR, 0.69; 95% CI, 0.57-0.92) that examined users of hormone therapy. 17 In the latter study that included women of any age, the association became nonsignificant after controlling for duration of hormone use.
Several limitations of the present study should be considered. With 87 incident cases of lung cancer during the 31-year follow up, this study may not be sufficiently powered to detect significant risk differences if they truly exist. Women were asked about their menopause status at follow-up visits but not at the enrollment visit from which this study draws the study population. Therefore, age was used as a proxy for menopause status. Among Rancho Bernardo women, the average age at natural menopause using data from the two later visits (1984-1987 and 1988-1991) was 49 years, similar to the average age of spontaneous menopause (51.4 y) reported by The North American Menopause Society. 28 We intentionally chose a higher age (55 y) as a proxy for menopause to introduce a conservative bias and more confident results in the older group. Consequently, misclassification of menopause status may be higher in the younger group. Women were not asked about duration of hormone use, and this lack of information detailing the exposure of interest might be expected to attenuate the association toward nullity. Because most women begin hormone replacement at the time of menopause, the use was probably much longer in the oldest women, possibly explaining the unfavorable hormone-lung cancer association only in postmenopausal women. Although we do not have information on duration of smoking and duration of hormone use from the initial 1972 visit, this information was collected at a later visit in 1984. We found that hormone duration was similar in cases (9.7 T 12.8 y) and noncases (10.0 T 11.6 y) from the 1984 data. More detailed smoking data from the 1984 visit showed that the distribution of smoking duration among hormone users and nonusers in 1984 was comparable to the distribution of cigarettes per day (hormone users were slightly heavier smokers and with longer duration of smoking), both of which were similar to the distribution of cigarettes per day among hormone users and nonusers in the original 1972 data. If we assume that this similarity between smoking duration and cigarettes per day among hormone users and nonusers was consistent from 1972, residual uncontrolled confounding by smoking duration may be negligible but cannot be completely ruled out. It was not possible to assess the influence of these variables on lung cancer risk from the later visit due to small number of cases. The Rancho Bernardo cohort is predominantly white, well educated, and middle-class and has good access to health care. This should have reduced confounding by social class, access to mammography or treatment, and environmental tabacco smoke. These results are likely to be generalizable to other typical white suburbs of the 1970s.
There are several strengths to this study. It is prospective with a sample of 2,861 women who were followed up for 31 years, much longer than any other reported prospective studies on this topic. Loss to follow-up was very low with 99% ascertainment of vital status. Furthermore, our analysis adjusted for smoking exposure level in a more quantitative manner than other studies that simply describe never/former/ current smokers.
CONCLUSIONS
Our study results did not show an overall association between hormone use and lung cancer but suggests a potential divergence of effects in younger versus older women. The possible role of postmenopausal hormones in lung cancer incidence observed here may further help women and their physicians make informed decisions on therapy. Future studies with a more accurate quantification of
